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PWCAI TO TMAUATION

For many of the concepts and terms defined herelu, fairly literal translation has

been deliberately adopted, even thonab posmibly awkward, in order to minulese dietor-

tion of the ewing.
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The present project on basic torus of geocryolo" has been compiled by the Com-

mission on Terminology of the V. A. Obruohev Institute of eoooryology, Academy of

sciences, UM.

The work of the Comilasion on Terminology consisted of two phanes: the first (from

1950 to 1953, Prof. P. L, KQlnakov preaidinal. devoted to the coepilation of otigstln

definitions and terms of geocryology mad their listing; the eoond (P. P. bhvetsov, cor-

responding member of Academy of Boienoem, UM, presiding), in which the existing

terms and definitions were considered and oritioixed, new concepts and terms brought

frth; the latter, after being discussed by the editorial and the terminolouical com-

uittee3, are published In the present edition.

The purpose of this edition Is to subject the proposed terminology of geuryology

to the broadest discunsion and criticism and to arrive at definite conclusions.

It is desired that persors participating In the Jimonusnlon express themselves

quite definitely concerning the expediency of the int~roductiom of the various "ooepts

nad terms, and also whether the proposed terms refleot fully sad correoctl;y the phenom-

cus and processes in the freezing, froeon, and thawing Poll layers. It is also desired

to introduce conorete and well-founded suggestions iu regard to the improvement of the

text of the various published and suggested terms and definitions.

Organizational Comittee on the Convocation of the, Meeting

* December 1955.
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PIRAIDOrAL CONCEM AM Tb IN OOC)CYOLOGY

(STUY oP r A.OT

Prior tothe revolution the stady of the froen ones of. tbe earth' a arst. tcok

place as part of the proces of development of the'nining industry, agriculture, and

the construction end exploitation of the Caste~n 8ihbraln and Par Kant railroads.

Therefore it could not avoid inoluding 1,1 its terminology professional, often desrip-

tive, words and expressions of prospectors, minere and agrarian colonists, Mining and

railroad engineers, agronomists, soil tcehlologista and netforologlsts, coming in con-

tact with permanently frozen rook layers and sails, and studying the conditions of

stratification, state, peculiarities of composition mnd the stnoturi of frozen subsoil,

utilized theme local professional terms, ofte* withaut sewe giving may thought to their

logical and physical meanins. If one considers that. the knowledge of fromen soIls and

rock beds was formulated without a systematio participation of such Russian centers of

learning ar the Aoadeoy of Sciences, the Geographipal Society and the Oeological On.-

mitte. in their compilation, analysis ead generalisation, it becomes clear why, in the

terminology of the study of frozen zones of the earth' s crust, there was, sad remains.

such vagueness and disagreement.

The adopted concepts mad proposed terms were in contradiction with the general

srommatlo structure of Russian, with logic, and with fundamental scientific concepts of

terms. which have been defined and introduced into science by prominent scientists.

This contention is supported by the followthsg facts.

In the well-known expressions "icy soil" (A, F. Middendorf), 'permanently

frozen soil" (L, A, Yochevoky), and ''permanent moil frost" (N. 1.Sumgin), the word

"soil" has ma entirely different meaning as compared with that given to it by the

founder of soil tophnology, V. V. Dukuchaev. h06i the definitisn of the Molervtlfa

concept of "noil'' it follows that soil cannot be frosen for many years, much less so

permanently. Therefore neither Yachoviky nor Susgin can have it (soil) in mind. Their

word '"soil" expresses the oane concept which V. V. DOkuchaev and the prominent geolo-

gist academician A. P. Pavlov denoted by the term "grunt' 1 (from the aerusn der Orund)

or subsoil, L.e. soil foundation.

Editor's note: The Russian word ''grunt'' is usually better translated as ''soil'' in

English but often may mean "ground." Many translations err in this

respect. The Russian "pochva" is used for "topsoil" or 'surface
soil'' and 'grunt'' for' 'subsoil, in situ or as a test sample, i.e.
"soil" in the enginering sense.
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The disagrcements in the interpretation and definition of the concepts '"frozen

56D.,"' "frozen rock layer," "'frozen ground'' have me yet not been outlived. The

founder and leader of the Soviet school of permafrost technologists, M. 1. Susgin, as-
eume& thst subsem. or zero temperatures were the only characteristics. of frozen soil
and.,rook layers,. This...content'ion of M. 1. Sumsin had been opposed even before and is
now uniacceptable to the majority of permafrost technologists.

Fundamental phyhical and physico-ohemical phenomena, the significance of which

helps to golve aman tractural-enhineering, agroteobnioal, geochtiulofl aiid isoinorpho-

logical problems, ard especially connected with procouses of uneven cooling and freezing,
as well as heating aad thawing of wet end water-bearing cowny, granular soils, and rook
layerst, Thermal chsanges --the freezing and thawing of soils and rook beds - - cause
pbusioo-ohimioaIL'processes, which are very complex with respect to the nature and con-

ditions of their development, mechanical stresses and movement of llqiQ_ A~ d solid par,
ticles in these systems.

It Is clear that water-free soils and bed rook which do not freeze at my~ tempera-
turo wro theoretically conceivable, to practice, soils and bed-rook containing only hy-
groscopic moisture firmly bound to the mineral particles. can be considered dry and, not
freezable under natural conditi-y'a, if soils and ro~ck beds contain not only hygrdscopic
moisture but also loosely-bound as well as free (travitatioual) water, they will
fretse at least partially, at -0.05 c. Such soils sand rook beds, If at zero or sub-
zero temperature and with the prosence of ice (the latter in pores, crevices andA

other locations peemliar to soils and rook layers) can be considered aso frozen.

This was the opinion of A. 1. Voyoykov. N. 1. Tolmtikhin and M. A. Tsytovioh agree
with him. The latter ocansidoer frozen "'such rock beds and soils, which have zero

or subzero temperature Ltd In which at least a Oart of the water is frozen,"' In
the absence of ice from soils end rook liqera, the zero or zubzero temperaturo alone

makes@ it persilssible to call thee frosty.

It is well known that concepts such as "'the zone of the earth' s crust, rep-
resented by frjozen and frosty rock beds,'' "'layer, or stratum of frozen rack

beds.' us well a" the concept ' 'frozen soil'' have, been denoted and' are -still

denoted by many by the expression ''frozen state.'' But the use of this expres-

sion as a scientific term has proved to he inexpedient because the Investigators

themselves have endowed it with a multitud" of meaninos, and it is well known that

the lack of a single meaning is the greatest deterrent against inclusion of a word

or expression among scientific terms. One must take into account that the expres-

sion "'frozen state"' has been endowed with various meanings within one and the same
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branch of studies, M. 1. Suagin bas equated the expressions "permanently frozen soils-'

and ý.r~Aanent frozen stats of the Roil.'" Other frozen-moil "a~uo g~irrF have acted

In a similar manner.

1. Ya. Baraflov (1932) and later N. 1, Tolatikhin (1941) have used the term ''poicaa-

frost"' to denote the phenomenon of cooling of rook layers to a point when the natural

water occluded in theu crystallized. S. 0. Parkboeenko (1936) proposed that the word

"*permafrost'' describe, a process. D. S. Redoxubov went even further In divorcing the

word ''permafrost" from Lhe Q&UGePt of ''layer or strat~m of fromap rook beds,'' by

ca3in vu ermasfrost a negative temperature field (1946) An extreme expre~silos of this

tendency is the recent remark of S. 0i. loch: "permafrost in the subzero tempe~rAture.
of the il'

It proved possible to denote by the word "Permafrost'' four ent,'rely different

meanings because this everydwj word is a nouw derived from an adjective (permanently

frozen), which Is divorced from the objeot proper (iLm physical nature) just as, for In-

stance.. the word I 'darkness" has no exact physical meaning. M. V. Louonesov, A. F.

Middendorf and L. A. Yacheysky, In setting down the foundations of study concerned with

the permanently frozen zone of the earth'sa crust, did not use the word pVermafrost'' It

appeared and exioted for the first time it the jargon of gold. prospectors and settlers of

Eastern Siberia and the Far East.

In 1753 M. V. Lvmonomov formulated the scientific concept of a spherical shell con-

sisting of the various layers of the atuosphele, regions and whole zones of the earth's

crust as well as oceans, whose distingu~ishing olharacteristios are the subzero temperature

of the medium and the prepence or the possibility of existence of snow and Ice.

One hundred and seventy years after Its appearance in science this concept of a

sphere of low temperature, snow and Ice surrounding the earth was developed and made more

precise by A. S. Dobrovolsky and exprensed In one word "oryosphere'' (1923). Later the

oryosphere concept was expanded by v. i. Vernaisky, one of the initiators within the

Academy of Scienq6ý df USSR of a special scientific Institution whose aim it is to In-

vestigate broad regIonsa of the cryosp here. These are the zones of the earth's crust rep-

resented by layers' with characteristics peculiar to the cryosphere: subzero temperatures

and presence of ice in pores, orevi.'en and other locations within rock layers. According

to V. 1. Vernadeky the cryosphero is the earth' s thermodynainic shell, *a shell Of specific

SHandbook. of. Methods of Study and Geological Photography of Quarternary Deposits, Part 2.
Goageoltekbizdat (State Ucol, Tcch. Publish.), Moscow 1955.
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"dynamic physico-chemical equilibria, tending toward a stable state, which is con-

stantly disrupted by the intruairp of forms of energy foreign to the given dynamic oqul

librium.'' 1 The cryosphere, like the biosphere, consists of parts of three geospheros:
the troposlphre (loper part of the air geosphere), hydrosphere and lithosphere (basirally
erosion crusts).

Starting with this concept of a oryospherk, that zone of the earth's crust which

consists of permanently frozen and frosty rook beds can be called the frozen zone of the
lithosphere (according to N. 1. Tolstikhiin in 1935 and 1941), or briefly cryolithozone.

The Greek word "oryos" has two meanings: cold (frost) and ice, which underlines the

dependence of the solid state of water substance upon a definite temperature.

Similarly the word ''peroafrostology" does not reflect the actual content of that

strongly developed branch of natural sciences which it denotes. In actuality M, I.
Suagin in 1940 called peroafrostology "a study of the permanently frozen state and

frozen ground,'" 2 where*.x t•ay, permafrost technologists investigate not only frozen

qround and :permfrost," but also study the following:

1)' The phyp•ioo-geographio and geological conditions of heat exchange in the litho-

sphere system (soil and atmosphere), the processes of freeting and thawing of the earth's

crust, regularity of development and growth of zones of frozen soil and rock beds -

oryol ithozones:

2) The peculiarities of composition, structure, formation and properties of freoz-
Ing, fro,;i','od thawing soils and bed rock;

3). th physico-geologioal, geomorphological, and hydrogeological.phenomena con-

nectrid witi t'he processes of freezing and thawing of soils and bed rook: and

4) Means of directing )recesses of thermal and mechanical interaction of freezing,

frozen, frosty and thawing _oils and bed rock with the results of human activity (con-

struction, mining, plowfields, cultivation of ilan~s, etc,

The above and other inexactitudes in mfhpning and definitions and the gross contra-
dictions between concepts and terms have caused se'ioral members of the V. A. Obruchev

I V. I, Vernadsky, Selected Writings, vol. 1, p. 62, Acad. Sci. UISSR Publ,, 1954.
2 M. 1. Sumgin, General Permafrostology, Adad. Soc. USSR Publ., p. 3; 1940.
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Institute on Pereafrostology of the Academy or Sciences, Usk, To Mtudy the terminology,

and to formulate exact concepts and definitions. A terminological comaission was foraed

to support and develop individual efforts.

As a result of the work of the tervinolugical commission of the Institute a catalog

of the basic scientific terms used in the study of frozen zones of the earth's crust was

compiled, and the definitions of concepts denoted bl these terms were riven.

The basic concepts and terms proposed by the terminological commission were analyzed

by its members and discussed in special sessions of the editorial board, The faculty

council of the Institute considered these term to be fundamental for scientific papers

submitted for publication, and simultaneously recommended their broad discussion in order

to make them more exact and to develop the concepts themselves, They are being published

with this in mind with the hope of response from the broad scientific community.

Chairman of the Commiesion on Terminology of the

V. A. Obruchev Institute on ?ermafrostology,

Corr. Memb., Acad. Sci. USMS, P. F. Shvetmov

30-12-55.
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Catalog of Basic Terms In the Study of Frozen Zones of the Earth's Crust

Nonrecomend-
ed Concept

Code Conoept or Term Definition of Concept or Term or Term

Cryospbere In the thermodynamic sense, a separate

shell of the earth, including definite re-

glions of the atmosphere, hydrosphere and
lithouphere; the peuuliar uiakt'aLeriaftl of
the ciryosphere Ai its subzero temperature
(possibility of ciistence or presence of
ice).

2 Geocryology (study Study of the laws governing freezing and Cryopedology
of permafrost) thawing of the earth' s orust, development

and expansion'of zones of frozen soil and
rook beds, peculiarities of their eompomi-
tion, structure and properties, accompmny-
ing processes as well as interaction with
the results of the productive activity of
man.

3 Zones of frozen Special regions or parts of the cryo- Region of
rock layers sphere represented by frozen soils and permafrost

(oryolithozones) rock layers.

a) Zone of sea- The zone of seasonally frozen soils Seasonally
sonally frozen over unfrozen subsoil, frozen state

soils (season-
al cryolitho-
zone)

b) Zone of per- The zone of lithosphere under season- Permafrost,
ennially fro- ally thawing soil, remaining uninter- perennial
zen rock layers ruptedly frozen throughout several (not frozen state
(perennial lose than three) years.
oryolithozone)

a) Discontinuity Interbedding along the vertical of fro- Stratified

of frozen rock zen and unfrozen rock layers and soils. frozen state

layers (cryo-
lithozones) along
the vertical

b) Discontinuity Peculiarity of geographic distribution
of frozen rock of frozen rock layers, soils (cryolitho-
layers (cryo- zones), manifested by the presence of re-

lithozones) along glens without frozen rock layers and soils
the horizontal among areas with rock layers and frozen

soils.
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Terms (cont'd)

Nonrecommend-
ed Concept

Code Concept or Term Definition of Concept or Term or Term

5 a) Formation of Appearlpoe, increase in size, lowering
zones of frozen of tempersiture, increase in surface and
rock layers and decrease to discontinuity of frozen
soils (cryo- layers.
lithozones)

1

b) Degradation of Decrease in size, increase In tempera- Degradation
zones of frozen ture, decrease in area of zones and in- of the
rock layers crease of discontinuity of frozen layers. frozen state
(cryolithozones)

8 a) Seasonally Layer of soil, or rock, which freezes Seasonal
freezing layer durini the cold period of the year, over frozen state
(seasonally fro- unfrozen subsoil. 2

zen layer)

b) Seasonally Layer of soil, or rock, thawing during Acting layer
thawing layer the warm period of the year, over peren- and active
(seasonally niallyfrozen subsoil. 3  layer
thawed layer)

7 Freezing Physical processes exnressed by the ad-
vance and expansion of the boundary of the
frojen conditioah of soils and rocks,

8 Thawing Physical processes expressed by the ad- Unfreezing
vance and the expansion of the boundary of
thawed condition )f soils and rocks,

9 Layer withannual Upper layer of the earth's crust whose
temperature soils and rocks experience annual tempera-
changes ture changes.

10 Stratum oi tsoo Rock or soil layers whose zero or Zero curtain,
thermal heat subzero temperature is constant during phase
exchange' certain time periods, controlled by the curtain

crystallization of water or thawing of ice
in the course of freezing or thawing.

I No final form accepted.
2 The extent of the seasonally-frozen layer depends upon the heat losses of the soil.

3 The extent of the seasonally-thawed layer depends upon the heat supplied to the upper
strata of the earth's crust.
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"Terms (cont'd) ___'__:__

Nonrecomend-
ed Concept

Code Concept or TE(r_ Definitiop of Concept or Term or-Term

11 aeothermai level Index of transient equilibrium .in the
of heat etohange thermodynamic interaction between the earth's
between the so-il crust and the atmosphtire. manifestAd by tha

and the atmos- nero temperature Of rook beds at tho bottom
phere 1  of the layer having annual temperature

fluctuations.

12 Cryogenesis Combined action of the physical, chemical
and mineralogical processes changing and
transforming soils and rock layers-of'the
erosion crust as well as of the hydrosphere'
at eubzero temperatures.

13 Cryogenic Peculiar physico-geological phinomena Physico-
phenomena arising on freezing and thawing or on geol6gical

changes in the subzero temperature 6of.soils phenomena of
and rook layers, as well as of water reser- the frozen
voirs and water ducts. state

a) Thermo- Phenomenon of irregular settling and Frozen state I
karat cave-in of the soil and its underlying rock caves, polar

layers as a result of thawing of sub- caves
terranean ice.

b) Soliflue- Phenomenon of slow downslope flow of
tion thawed soils or rock layers (n inclined

slopes arising under the influence of peri-
odic freezing and thawing, the action of
force of gravity, migration of moisture and
other processes.

c) Layer of Layer of freezing water or of water-
ice soaked snow on the surface of the ice

covering rivers, lakes or ice fields of
other origins.

d) Hydroef- Ice field cover, usually of stratified Ice scale,
fusion ice, arising in wintertime as a result of layer of ice,

successive freezing of layers of ground icing
water or water from an aquifer, flowing out
on the surface.

I No final form accepted.
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•_ _ _ _ __ Terms (cont' d)

Nonrecomend-
ed Concept

Code Concept a- Term Definition of Concept or Term or Torm

14 Subterranean Ice Ice contained in frozen soils and rook Mineral ice
beds; this enter& Into the oomposition of
the earth's crust both in monomineral
rooks as well as in polymineral rooks.

15 Prozen soils and Boils and rock beds having a zero or Frozen state
rook beds subzero temperature, in which at least

part of the ¢Ontained water baa frozen,
i.e. has turned into ice, cesenting the
particles.

16 Frosty soils and Soils and rook beds with a subzero Dry 'frozen
rook beds temperature, not containing any Ice. state

17 Thawed soils and Thawed or thawing soils and rook beds.
rook beds

18 Vnfrozen soils Boils and rook beds having a positive
and rook beds temperature for several years.

19 Components of 1) Solid: Mineral, organic, or mineral-
frozen soils and orgsaniq frmaework
rook beds 2) Solid: Crrogenic minerals (ice,

cryohydrates, crystal hydrates)
9) Liquid
4) asseous

20 Cryogenic Structure of frozen rook beds determined Frozen
structure by the size, relative amounts, form and structure

orientation of the component parts (mineral
framework, ice crystals, liquid films and
nuclei, gaseous occlusions and pores).

21 Cryogenic Texture of frozep rook beds arising in Frozen
texture the course of freezing, texture

22 Total moisture Total content of1 ice and water in fro-
of frozen zen soils and rock beds.
soils, grounds
and rack bode

293 Iciness of Ice content in Aotof and rock beds.
frozen soils
and rock beds

9



Terms (cont' d)

Nonrecommeod-
ed Concept

Oods Concept or Term Definition of Concept or Term tr Term

a) Ice- Ice cementing soils and weathered rock

onnente beds without appreciable disruption of the
particles of the mineral structure.

b) iraegatcd Ice formed in. soils @ad Uathered rnck

ice: atria- beds - a result of crystalliational dif-

tions, prisms, ferentiation during freezing.
etc. *

24 Porosity of fro- Volume of the structural pores occupied

sen soils and by azoes, liquid moisture, ice' a-id cryo-

rock beds enic materials.

25 Cryogenli Phymsial, physico-ohemical and Dhysioo-

processes mechanical processes in the frezuing and

thawing of soils and rook beds.

26 Cryogenic Minerals existing at subzero teRperi-,

minerals tures (ice, crystal hydrates).

27 Migration Displacement of moisture in the liquid

(movement) of and vapor phase in the prooess of freezing

moisturý during of soils and rook beds, us well as during

freezing the period of.their frozen condition.

28 Heave (on Elevation of the surface of soils and

freezing) rook beds, caused by a change in their vol-

ume on freezing as a result of spreading of

the structural particles by ice crystals

formed from water at the froezing layer,

water migrating from unfrozen layers, or

water fed under pressure.

290 Settlement on Decrease in volume of rock beds on

freezing freezing.

30 Freezing pores Pores formed in soils and rock beds in

the course of freezing as a result of their

uneven change in volume.

31 Settlement on Vertical settlement of soils and rock

thawing beds caused by decrease in volume on

thawing.

10



Terns (cont'd)

Nonrecommend-
ed Concept

Code Concept or Term Definition of Concept or Term or Term

32 Subsidence on Rapid local settlement of solsland rock
thawing beds on thawing caused by a radicas change

in composition.

33 Adfresming Process of the appearance and develop-
sent of bonds between freezing moist soils
and rook beds and the surface of any body
in contact with them.

34 Adfreeso re- Resistance of soils and rook beds fro- Forces of
siatance, or the zen to some body (for instance a founda- sdfreezing1

strength of ad- tion) to displacement along a surface of
freeze bond. the latter.

35 Instantaneous re- The greatest resistance of frozen soils
sistanee of fro- and rock beds to disruption corresponding
zen soils and to a rapid (theoretically with the speed
rock beds of sound) application of stress; in prac-

ties it is very close to temporary
resistance.

36 Finite Ions term Resistance of frozen soils and rook beds
resistance '1 fro- to disruption on infinitely slow applica-
zen soils znd tion of stress, i.e. a degree of stress up
rock beds to which no disruption takes place with

practically unlimited duration of load i
application.

I This term should be taken to mean reaction forces arising in the ground frozen to some

body along the surface of that body as a result of external forces.

11
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